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pET-28a(+)/pax2/5/8，转化大肠杆菌 BL21，通过 IPTG 诱导宿主细胞表达融合蛋
白，融合蛋白经纯化后免疫小鼠获得两个蛋白的多克隆抗体。为研究这两个 Pax
基因在文昌鱼胚胎发育中的功能奠定了基础。同时利用制备的多克隆抗体，对这
两个 Pax 基因在成体中的表达模式进行研究。 
实时荧光定量 PCR 结果显示 AmphiPax1/9 在成体主要器官(除肝盲囊没有检
测到以外)都有表达, 其中在脊索中表达量 高, 在鳃丝和内柱表达量也很高, 
在皮肤, 肌肉, 小肠中有少量表达；AmphiPax2/5/8 在成体主要器官都有表达, 其
中在内柱中的表达量非常高, 是其他组织表达量的十几倍以上。其次在鳃和脊索
中表达量也较高 , 次之是肌肉和皮肤 , 在肝盲囊和小肠中表达量极低。从
AmphiPax1/9、Pax2/5/8 两个基因在成体主要器官的表达情况可以看出 , 
AmphiPax 基因家族编码一组发育调控关键调控因子, 不光在胚胎发育过程中组
织器官的形成过程中起重要的调控作用 , 在成体组织器官中也发挥功能。
AmphiPax1/9、Pax2/5/8 都在内柱, 鳃丝, 脊索表达量较高, 在肝盲囊和小肠中表
达量极低或者不表达。 
成体免疫组化结果显示: (1) AmphiPAX1/9、PAX2/5/8 表达的部位主要在结
缔组织低分化组织，推测这两个 PAX 蛋白可能在维持这些低分化细胞的特征和
分化方向中起作用；(2) PAX2/5/8 在内柱高表达，支持内柱是脊椎动物甲状腺同




















单条雄性白氏文昌鱼精巢组织中提取高质量的基因组 DNA, 经 EcoR I 限制性内
切酶和 EcoR I 甲基化酶酶切, 脉冲场电泳选择合适酶切 DNA 片段, 连接线性磷
酸化的载体 pCC1BAC, 转化大肠杆菌 EPI300 E. coli, 构建了含有 44,706 个克隆



































Study on the expression patterns of Pax1/9, Pax2/5/8 in adult 
amphioxus 
Abstract 
As one of the closest living invertebrate relatives of vertebrates, amphioxus 
(subphylum Cephalochordata) shares a fundamental body plan with the vertebrates 
and has a similar vertebrate-like embryonic development. The Pax genes encode 
transcriptional regulators conserved evolutionarily in metazoans and play key 
regulatory roles in embryonic and sensory organ development, therefore, are one of 
valuable gene families to study common mechanism of development shared among 
metazoans. On the other hand, Pax genes play regulatory roles in adult organs of 
vertebrates. The insights into the roles of Pax genes in amphioxus embryonic 
development are usefull to know conserved and divergent functions of Pax genes in 
vertebrate embryonic development. In this study, AmphiPax1/9 and Pax2/5/8 were 
amplified by PCR and inserted into an inducible prokaryotic expressive plasmid 
pET-28a (+) respectively. The recombinant plasmids were transformed into the E. 
coli BL21 (DE3) fusion proteins were induced by IPTG, purified and used to 
immunize mice for preparing polyclonal antibodies. This work will be valuable for 
the further study on the biological functions of Pax genes in amphioxus embryonic 
development. 
Moreover, to shed more light on the function of AmphiPax1/9 and Pax2/5/8 on 
adult organs, we examined their spatial expression patterns by real-time quantitative 
PCR and immunostaining.  
AmphiPax1/9 expresses in major adult organs, except in the hepatic diverticulum, 
with high level in notochord, pharyngeal gill and endostyle, and low level in skin 
muscle and intestine; AmphiPax2/5/8 expresses in all adult organs examined, with 
remarkable high level in endostyle, moderate level in skin and muscle and much low 
level in the hepatic diverticulum and intestine. The results indicate that AmphiPax 
family as a group of transcriptional regulators not only play key regulatory roles in 
















Immunostaining results show that (1)AmphiPAX1/9、PAX2/5/8 express mainly 
in low differentiated tissues. So we presume that AmphiPAX1/9、PAX2/5/8 may play 
a role in the maintenance of state of the low differentiated cells and their proliferation 
and differentiation; (2) AmphiPAX2/5/8 remarkablly expressed in endostyle, that 
supports amphioxus endostyle is counterpart of vertebrate thyroid; (3) AmphiPAX1/9, 
AmphiPAX2/5/8 expressed in atrial cells of gill bars, we presume that atrial cells in 
amphioxus gill bars may be counterpart of some nervous tissue in vertebrates, and, 
AmphiPAX2/5/8 may play a role in the maintenance of state of the atrial cells and is 
associated with atrial cells-to-lateral ciliated cells transformation in amphioxus gill 
bars. 
Finally, as long-term continuous culturing of amphioxus in laboratory became 
reliable, for pushing this animal to be a more successful model system, 
whole-genome sequencing of one or more species derived from this branch will be 
another urgent issue needed to address. In the thesis, we described the construction 
and characterization of a bacterial artificial chromosome (BAC) library, using a single 
individual of Chinese amphioxus (Branchiostoma belcheri). High quality genomic 
DNA extracted from the spermary was partially digested with EcoR I and EcoR I 
methylase. Desirable DNA fragments were isolated by pulsed field gel 
electrophoresis (PFGE), ligated to linearized and phosphorylased carrier pCC1BAC, 
and then transformed to Escherichia coli EPI300. The constructed library consists of 
44,706 clones with the average insert fragment size around 80 kb as estimated by 
PFGE. The representation of the library is about 9 equivalents to the amhioxus 
genome. These results indicate that the BAC library will be useful for functional 
genomic studies and facilitated the whole-genome sequencing of Chinese amphioxus. 







































































































无颌类分离之后，这就是所谓的“2R 假说”(two rounds of genome duplication 
hypothesis)。正是因为基因组的倍增给脊椎动物产生更多新的基因提供了可能，
使得脊动物形体结构更加复杂和具有更高的适应多变环境的能力。 
文昌鱼多数基因为单拷贝基因，同源基因(Hox, ParaHox, MHC 和 NKL 等)
和发育相关基因(FoxD，RAR，Wnt1，Wnt8，Adh，Sox1/2/3，Hedgehog，Mox，
Otx，Pax 和 Pitx 等)被广泛应用于系统比较分析，以验证 2R 假说及新基因产生
和多拷贝基因的命运。如 Hox 基因簇（图 1-1），文昌鱼基因组中只有 1 个簇，
含 15 个 Hox 基因[14]，位于一条染色体上。哺乳类含有 4 个簇共有 39 个 Hox 基
因，分别位于 4 条染色体上，据此推测脊椎动物的 4 个 Hox 基因簇是由文昌鱼
的单个 Hox 基因簇通过大片段基因组 DNA 或染色体复制产生。系统比较分析揭
示原始的 Hox 基因簇应只有 1 个簇含 13 个基因，且基因排列顺序相当保守，与
文昌鱼相比，哺乳动物中较多的基因簇和单一基因簇有较少的基因数目是基因簇























Fig.1-1 Organization of the Hox cluster of amphioxus and mammals, and the 
presumed cluster of the last common ancestor of cephalochordates and 
vertebrates[15] 
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